Micro-organisms are tightly integrated into host-microbiota ecosystem. Microbiota of human semen has been studied so far mostly in case of infertility or prostatitis. We aimed to reveal possible impact of sexual debut on seminal microbiota in healthy young men. The study group included 68 young healthy men, of them 12 men without sexual experience, 11 men with single lifetime sexual partner and 45 men with multiple lifetime sexual partners. Basic semen parameters were similar for all subgroups, and no correlation between sexual experience and WBC counts in semen was found. A man could harbour one to nine different bacteria in his semen; the total concentration of bacteria ranged from 2.3 to 7.3 log 10 CFU/mL of semen. Lower total bacterial concentration and lower bacterial diversity was observed in men without sexual experience than in sexually experienced men (p < 0.05), with significant positive correlation between these two parameters (r = 0.54; p < 0.0001). In conclusion, the sexual debut is associated with the enrichment of seminal microbiota but not with the influx of WBC or changes in basic seminal parameters.
INTRODUCTION
Micro-organisms are tightly integrated into host-microbiota ecosystem that is usually well balanced though sometimes contributes several local and systemic maladies. This recognition has caused substantial increase in the microbiota-related studies during recent years. The majority of them have been devoted to intestinal microbiota but also the communities of mouth, skin and female genital tract. Characterization of the male genital tract microbiota has always lagged behind investigations in other body sites (M€ andar, 2013) : a recent PubMed search (November 2017) of the term 'microbiota' revealed more than 32,000 publications, while the term 'semen microbiota' gave 16 results.
Microbiota exists in lower male genital tract, mostly in urethra and coronal sulcus (Nelson et al., 2012; Hou et al., 2013; Weng et al., 2014) while next-generation sequencing (NGS) studies have revealed genes of microbes also in upper genital tract (Sfanos et al., 2017) . In healthy men, microbiota of semen largely reflects microbiota of urethra while in diseased patients also the inflammatory communities of upper genital tract. To date, the microbiota of semen has been studied mostly in connection with infertility, prostatitis or other diseases. Inflammatory prostatitis has been shown to be associated with abundant polymicrobial communities in semen (M€ andar, 2013) while increased levels of aerobic and facultative anaerobic bacteria have been shown to be common among subfertile men (Domes et al., 2012) . Scarce studies have been performed investigating microbiota of semen in young healthy men (Will en et al., 1996; Ivanov et al., 2009; Hou et al., 2013) , and there are no studies on how sexual debut influences the seminal microbiota.
We aimed to identify possible impact of sexual debut on seminal microbiota in healthy young men.
MATERIALS AND METHODS

Study group
The study was carried out between 2003 and 2005 at Tartu University Hospital, Estonia. The study group included 68 young healthy men aged 17-22 years (Table S1 ) who participated in the prospective study Environment and Reproductive Health (EU 5th FP project QLRT-2001-02911) . Recruitment of study group was described elsewhere (Erenpreiss et al., 2017 ). STIs were not tested, but only the men without complaints, without leukocytospermia and without inflammatory reaction in first catch urine were included into the study.
The men were divided into three groups based on their sexual experience (12 men without sexual experience [MWSE] , 11 men with single lifetime sexual partner [MSSP] and 45 men with multiple lifetime sexual partners [MMSP] ).
Participation in the study was voluntary. Written informed consent was obtained from all study subjects. The study was approved by the Ethics Review Committee on Human Research of Tartu University, Estonia.
Laboratory and statistical analyses
Semen samples were collected by subjects after they washed their glans penis with regular soap and water, and urinated. The samples were obtained by masturbation and were ejaculated into a sterile collection tube in a private room near laboratories. After ejaculation, the semen was incubated at 37°C for 25 to 45 min for liquefaction. In addition, the first catch urine was collected as well but was not analysed in frame of this article as microbial communities of these two specimens were compared in our previous study .
The analyses of basic semen parameters were performed according to WHO guidelines (World Health Organization, 2000) . Cytological analysis of semen was performed as described earlier (Korrovits et al., 2006) .
The samples were cultured within 1 h after ejaculation applying suitable media and culture conditions for quantitative detection of anaerobic, microaerophilic and aerobic bacteria as described previously (Korrovits et al., 2006) . Wilkins-Chalgren agar (Oxoid, Unipath, Basingstoke, UK) supplemented with 5% horse blood, and Schaedler medium (Oxoid) supplemented with 5% horse blood, vancomycin and nalidixic acid were incubated in an anaerobic glove box (Sheldon Manufacturing Inc., with a gas mixture: 5% H 2 , 5% CO 2 , 90% N 2 ) for 5 to 6 days. Gardnerella vaginalis selective agar (Oxoid), MRS agar for lactobacilli (Oxoid) and chocolate agar were incubated in a microaerophilic atmosphere (10% CO 2 ) for 72 h. Freshly prepared blood agar was incubated aerobically at 37°C and inspected after 24 and 48 h.
For comparison of the subgroups, Fisher exact test and MannWhitney rank sum test were used. The Spearman rank order correlation was used to find the correlation between the parameters.
RESULTS
Basic semen parameters were similar for all subgroups (Table S1) , and no correlation between sexual experience and WBC counts in semen was found. MWSE were slightly younger than MMSP.
Culture analysis revealed no sterile sample. The most common bacteria were staphylococci, streptococci, coryneform bacteria and several anaerobes (Table S2) . A man could harbour one to nine different bacteria in his semen; the total concentration of bacteria ranged from 2.3 to 7.3 log 10 CFU/mL of semen. Lower total bacterial concentration and lower bacterial diversity was observed in MWSE than in sexually experienced men (p < 0.05) (Fig. 1) . We found a significant positive correlation between the total concentration of bacteria and the number of different bacteria per semen sample (r = 0.54; p < 0.0001) ( Figure S1 ).
DISCUSSION
Our study revealed enrichment of seminal microbiota in connection with sexual debut, expressed as an increase in diversity and total concentration of seminal bacteria. Strong correlation between these indicators was revealed.
During the process of ejaculation, the spermatozoa pass through the ejaculatory ducts and mix with fluids from seminal vesicles, the prostate and the bulbourethral glands to form semen. The origin of semen bacteria is not finally clear; however, many of them are closely related to those found in urine, urethra, coronal sulcus and female vagina. This suggests that the bacteria in semen may have diverse origins (Hou et al., 2013) .
Studies about sexual debut on seminal microbiota are missing. However, Nelson et al. (2012) have investigated microbial communities of coronal sulcus and urethra in adolescent men, and their study group included both sexually experienced and unexperienced men. They revealed that some bacteria, namely Ureaplasma, Mycoplasma and Sneathia, were found only from sexually experienced men supporting the hypothesis that sexual exposures could alter the composition of the male urethra. Some recent studies of semen have revealed vaginal bacterial taxa in semen pointing out again the impact of partner's microbiota on the male reproductive tract communities (Hou et al., 2013; Weng et al., 2014) . Some other recent studies of urethral and penile skin specimens have shown that specific BV-associated species are concordant in women with BV and their male partners (Liu et al., 2015; Zozaya et al., 2016) . Our previous study has supported the idea that semen and vaginal microbiomes are in association, inasmuch as the predominance of the BV-related Gardnerella vaginalis in female partners was significantly associated with inflammation in male genital tract (M€ andar et al., 2015) . However, none of these studies compared men with different sexual experience.
Our present study revealed enrichment of seminal microbiota in connection with sexual debut. In our previous studies, we have revealed increased bacterial diversity and total concentration in the semen of leukocytospermic subjects in comparison with healthy men Punab et al., 2003; Korrovits et al., 2006) and in these studies, the quantitative microbiological parameters significantly correlated with inflammation (WBC count) in semen. Only the men without leukocytospermia were included into the present study and we found similar, though milder, shifts in microbiological parameters in sexually experienced men while this time these changes were not accompanied by increase in WBC counts or changes in basic seminal parameters. Limitations of our study include small study group, especially as concerns MWSE and MSSP, and the culture-based microbiological study. The latter is not finally adequate to delineate the microbiome of the male reproductive tract. However, we did our best to cover as wide spectrum of bacteria as possible, applying quantitative cultures and suitable media and culture conditions for aerobic, microaerophilic and anaerobic bacteria, as well as long incubation time. At the same time, the NGS method also has several drawbacks. Bias may be caused by different methods of DNA extraction; the broad-spectrum primers may miss whole phyla or fail to amplify some targets for unknown reasons; and rare species may be missed entirely in the presence of an overwhelmingly dominant species (Lambert et al., 2013) . In addition, software for high-quality interpretation of NGS data is still under development. Thus, standardization of techniques used for evaluation of human bacterial communities is needed.
Our study revealed diverse bacterial communities in semen including high proportions of fastidious and anaerobic bacterial species as have been revealed also by NGS studies (Hou et al., 2013; Weng et al., 2014) ; therefore, the results can be considered reliable. As this is the first study describing change in seminal microbiota during sexual debut, we decided to present our results. Further studies should uncover biological significance of the revealed tendencies.
In conclusion, the sexual debut is associated with the enrichment of seminal microbiota but not with the influx of WBC or changes in basic seminal parameters.
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